Background: Up-to-date epidemiological stroke studies are important for healthcare planning and evaluating prevention strategies. This population-based study investigates temporal trends in stroke incidence and case-fatality in southern Sweden. Methods: First-ever stroke cases in the local catchment area of Skåne University Hospital in Lund, Sweden, between March, 2015 and February, 2016, were included from several sources, including 2 prospective hospital-based registers, retrospective screening of primary care visits, and autopsy registers. Stroke incidence and 28-day case-fatality rates were compared with data from this area obtained through similar methodology between March, 2001 and February, 2002. Results: Altogether, 456 and 413 first-ever stroke patients were identified during the earlier and later time periods respectively. The age-and sex-standardized stroke incidence rates decreased from 246 (95% CI 224-270) to 165 (95% CI 149-182) per 100,000 people. However, incidence remained unaltered among those <65 years. Early case-fatality decreased from 14 to 11% (p = 0.165). Conclusion: First-ever stroke incidence in southern Sweden has decreased with 33% since the beginning of this millennium. Incidence rates have decreased among the elderly but remain unchanged among younger age groups. Our findings warrant further studies on trends in risk factor profiles and effects of prevention strategies, and heightened focus on stroke in the young.
Introduction
Stroke constitutes a major global health problem; it is the second most common cause of death and one of the leading causes of adult disability in the world [1] [2] [3] . Moreover, stroke is accountable for more than 4% of direct healthcare costs in high-income countries [4] . Hence, as stroke has considerable human and societal repercus- sions worldwide, it is regarded as one of the most highly prioritized non-communicable diseases by the World Health Organization (WHO) and the United Nations [5] .
Recent estimates from the Global Burden of Disease (GBD) study show that the worldwide number of prevalent and incident stroke cases in 2016 amounted to nearly 83 million and 13.6 million respectively [6] . It has also been reported that the global burden of stroke is steadily increasing in absolute terms due to aging and growth of populations [3, 7] . The age-adjusted (to the World Standard Population from 2001) global incidence rate of stroke has been estimated to be 258 cases per 100,000 person-years [8] . However, there is a great deal of geographical variation in stroke incidence, and recent reports have described a decline in stroke incidence and mortality in high-income countries over the past 2 decades [9] . Furthermore, a trend toward a decline in early case-fatality of stroke has been reported in both high-income and lowand middle-income countries over the past decade, although early case-fatality rates are about 25% higher in low-and middle-income countries [9] . This implies that stroke may require regional and country-specific approaches for prevention and care [5] .
A previous population-based study in southern Sweden estimated the age-adjusted (to the European Standard Population from 1976) stroke incidence rate to 144 cases per 100,000 person-years in 2001-2002 [10] . Also, early case-fatality rates of 14% have been previously reported in the south of Sweden [11] . However, these Swedish studies were performed several years ago, and there is a need for updated detailed epidemiological studies due to changing population demographics, as well as advances in stroke care and management. Up-to-date and reliable data regarding stroke epidemiology are essential for optimal healthcare planning including optimized preventive approaches [5] .
We therefore used suggested gold standard criteria for epidemiological stroke studies [12] to examine the population-based stroke incidence and early case-fatality rates in southern Sweden between 2015 and 2016, as well as temporal trends since the beginning of this millennium.
Subjects and Methods
This study was approved by the Regional Ethical Review Board in Lund, Sweden (number 2016/179).
Study Area and Population
The study area comprises 8 municipalities in southern Sweden that constitute the local catchment area of Skåne University Hospital in Lund (SUS Lund), with a total population of 274,239 inhabitants as of December 31, 2015 [13] . The proportion of the population ≥75 years was 8%, and 50% of the total population were female (December 31, 2015) . The corresponding figures as of December 31, 2001 , were 7 and 50%, respectively, with a total population size of 234,505 inhabitants.
Besides the aforementioned public hospital with emergency facilities, the study area also has 27 primary care centers of which 9 belong to the private sector. Like the rest of Sweden, there is a robust tradition of in-hospital care for acute stroke patients in this area (predominantly at the stroke unit in the Department of Neurology at SUS Lund) [10] . For the present study, we aimed to include all first-ever stroke patients (both hospitalized and non-hospitalized) in the defined area during the study period between March 1, 2015 and February 29, 2016.
Case Ascertainment
Stroke was defined according to the WHO criteria [14] . To obtain a complete and population-based case ascertainment, multiple overlapping sources of data were used including both prospective and retrospective methods.
First-ever stroke patients from the catchment area of SUS Lund are consecutively included in the Lund Stroke Register (LSR), as part of an ongoing prospective and longitudinal observational stroke study since March 1, 2001 . The LSR has been previously described in detail [10, 15] . To detect first-ever stroke patients, research nurses in the LSR perform "hot pursuit" of stroke cases through daily weekday screenings of patient lists from the Emergency Department as well as in-and outpatient lists at the Department of Neurology at SUS Lund. The medical records of all patients included in the LSR during the study period were reviewed by one of the authors (J.A.) for case validation.
Stroke patients in Sweden are also continuously included in the Swedish National Stroke Register (Riksstroke), a national hospitalbased register, which uses prospective and retrospective methods to include both first-ever and recurrent stroke cases [16] . Medical records and research notes of all patients admitted to SUS Lund during the study period and included in Riksstroke were reviewed by one of the authors (J.A.) to determine which additional patients with first-ever stroke (besides those already included in the LSR) were eligible for the present study.
Additionally, a retrospective search was performed in a regional database administered by the regional health authority in Region Skåne of which SUS Lund is a part. This database registers all primary care visits in the study area, as well as all outpatient clinic visits at SUS Lund. Medical records of all patients with a diagnosis code of G45, G46, G81, G83, or I60-69 according to the 10th revision of the International Classification of Diseases upon a primary care visit in the area, or an outpatient clinic visit at SUS Lund, were assessed by one of the authors (J.A.) for case validation. This retrospective screening was expanded to include all visits up to 2 months after the end of the study period to minimize the risk of missing patients with a delay until their first healthcare contact after ictus. Due to regulatory restrictions, access was denied to the records of the 9 private primary care centers (out of totally 27 primary care centers) in the area.
Finally, retrospective screening was performed in the databases of the Department of Pathology at SUS Lund and the De-DOI: 10.1159/000487948 partment of Forensic Medicine by physicians at these facilities to compile records of patients with the date of death during the study period and findings of acute cerebral infarction, intracerebral hemorrhage (ICH), or subarachnoid hemorrhage (SAH) at autopsy. These patients' medical records and autopsy reports were also assessed by one of the authors (J.A.) for case validation.
Stroke Classifications
Stroke was classified into main pathological subtypes as follows: ischemic stroke (IS); ICH; SAH; and stroke not known as ischemic or hemorrhagic [17] . This classification was verified through CT and/or MR imaging of the brain or autopsy reports. In patients with SAH and negative neuroimaging, lumbar puncture had been performed to confirm the diagnosis.
Clinical syndromes of IS were classified according to the Oxfordshire Community Stroke Project by 2 of the authors (J.A. and H.D.) as follows: total anterior circulation syndrome; partial anterior circulation syndrome; posterior circulation syndrome; and lacunar syndrome [18] .
The pathogenetic mechanisms of IS were classified using the Causative Classification System for IS (CCS) version 2.0 by 2 of the CCS-certified authors (J.A. and H.D.) as follows: cardio-aortic embolism; large artery atherosclerosis ; small artery occlusion, other causes; and undetermined [19] .
Other Assessments
Stroke severity in the acute phase was assessed using the National Institutes of Health Stroke Scale (NIHSS) [20, 21] . For cases included in the LSR and Riksstroke, NIHSS scoring was performed retrospectively by NIHSS-certified research nurses through the review of medical records [21] . Research nurses usually met the patients in person upon inclusion, and could then use own observations to complement the information available in the medical records. In cases where NIHSS-scoring had not been performed previously, this was also done retrospectively by one of the NIHSS-certified authors (J.A.) through review of medical records [21] .
Case-Fatality
The 28-day case-fatality was defined as the proportion of included patients who were deceased within 28 days of follow-up. Information on vital status of included patients, and date of death for those who were deceased, was retrieved from the official Swedish Population Register [13] .
Statistics
Age-and sex-standardized incidence rates were calculated using the direct method and with 95% CI assuming Poisson distribution. Incidence rates were standardized to the European Standard Population from 2013 [22] , and to the Swedish population as of December 31, 2015 [13] .
The stroke incidence rates in the present study were compared with previously published incidence rates in the same area during 2001-2002 [11] . For analysis of temporal trends, these previous incidence rates were age-and sex-standardized to the Swedish population as of December 31, 2015 [13] .
Chi-square test and Mann-Whitney U test were used for comparisons of categorical and continuous variables respectively. Logrank test was used to analyze potential differences in case-fatality rates between 2001-2002 and 2015-2016 . p values <0.05 were considered statistically significant. The SPSS software package 23 was used for all statistical analyses.
Results
In total, 413 patients with first-ever stroke between March 1, 2015 and February 29, 2016, were detected in the local catchment area of SUS Lund. The detection rate and yield of the various screening methods for this study are presented in online supplementary Table 1 (for all online suppl. material, see www.karger.com/doi/10.1159/000487948).
The median age of the included patients was 76 (range 26-100 years) and 189 (46%) were female. The number of patients hospitalized for their stroke was 389 (94%), and 307 (74%) were admitted within 24 h of the onset of symptoms. The most common main pathological subtype was IS (n = 334; 81%), followed by ICH (n = 60; 15%) and SAH (n = 14; 3%). In 5 patients (1%), the main pathological subtype was unknown. The proportional frequency of the main pathological stroke subtypes among patients <65 years as well as those ≥65 years is presented in online supplementary Table 2 .
Among the patients with IS, partial anterior circulation syndrome was the most frequent Oxfordshire Community Stroke Project subtype (n = 153, 46%). The most common pathogenetic mechanism of IS, as evaluated with CCS, was undetermined (n = 144, 43%), followed by cardio-aortic embolism (n = 104, 31%). Detailed patient characteristics are presented in Table 1 .
Stroke Incidence
The total age-and sex-standardized (adjusted to the European Standard Population 2013) stroke incidence rate was 167 (95% CI 151-184) per 100,000 person-years in 2015-2016. The corresponding rate adjusted to the Swedish population in December 31, 2015, was 165 (95% CI 149-182) per 100,000 person-years. The stroke incidence rate increased with advancing age and was higher for men than women across all age groups except the 75-84 years age range. The age-and sex-specific, as well as age-and sex-standardized, incidence rates of first-ever stroke are presented in detail in Table 2 .
The total age-adjusted (to the European Standard Population 2013) incidence rate of IS was 107 (95% CI 91-126) per 100,000 person-years among women and 165 (95% CI 142-191) per 100,000 person-years among men. Hemorrhagic stroke (ICH and SAH) had a total age-adjusted incidence rate (to the European Standard Popula- 
Temporal Trends in Stroke Incidence
The total age-and sex-standardized stroke incidence rate (adjusted to the Swedish population in person-years to 666 (95% CI 596-742) per 100,000 person years. However, no significant decrease in stroke incidence was noted among patients <65 years. The temporal trends in the incidence rate of first-ever stroke are illustrated in Figures 1 and 2 .
The age-and sex-standardized incidence rate of IS decreased from 197 (95% CI 177-218) per 100,000 per- 
Case-Fatality
The 28-day case-fatality rate of first-ever stroke in 2015-2016 was 11%. The corresponding rates for men and women were 10 and 12% respectively. The main pathological subtype of stroke with the highest 28-day case-fatality rate was ICH (23%), followed by IS (9%), and SAH (0%). Patients <75 years had a 28-day case-fatality rate of 8%, while the corresponding rate was 14% among patients ≥75 years. There were no significant differences in 28-day case-fatality rates between the periods 2001-2002 and 2015-2016 (Table 3).
Discussion
Our study provides new population-based data on stroke epidemiology in the south of Sweden. We found that the overall incidence rate of first-ever stroke in southern Sweden decreased by approximately one third since the beginning of this millennium. The absolute number of first-ever stroke cases also decreased by nearly 10%, despite population growth and aging demographics. Temporal trends in first-ever stroke incidence rates across various age groups in the local uptake area of Skåne University Hospital in Lund, Sweden. [3] , and other recent epidemiological stroke studies [9] . The observed decline in stroke incidence in our study was confined to IS, whereas the incidence of hemorrhagic stroke remained unchanged. Similarly, a study from Tromsø, Norway, reported a 24% decrease in first-ever IS incidence between 1995 and 2010 [23] . The absolute number of incident first-ever stroke cases decreased by almost 10% in our study area between 2001-2002 and 2015-2016 despite an increase in population size with 18%, as well as a 1% increase in the proportion of individuals ≥75 years. This finding is in contrast to the GBD report [3] , and previously estimated stroke incidence projections for our area [11] . The decrease in stroke incidence in our region might be related to a reduced prevalence of stroke risk factors in the population as well as improved prevention measures [24] . Likewise, the Tromsø study recently reported that changes in cardiovascular risk factors explained 57% of the decline in stroke incidence between 1995 and 2012, with reductions in systolic blood pressure and prevalence of smoking being the most important contributors [25] . The decrease in stroke incidence in our study was most prominent among patients ≥65 years, which may also be related to increased use of oral anticoagulant therapy in older age groups with atrial fibrillation [26] . Other contributing factors might be improved routines for investigation and secondary prevention of transient ischemic attacks; more widespread use of acute treatments such as thrombolysis and thrombectomy (which in some cases may accomplish full regression of focal neurological symptoms within 24 h) [27] ; as well as heightened public awareness of cerebrovascular diseases, which may have increased the number of patients seeking urgent medical attention for conditions such as transient ischemic attacks [28] . Taken together, our findings of declining stroke incidence in absolute terms, despite population growth and aging demographics, warrant more research regarding current preventive approaches, to develop region-specific stroke prevention programs that are crucial to impede the otherwise globally growing burden of stroke [3] . For individuals <65 years, we found no significant change in stroke incidence between 2001-2002 and 2015-2016 . Other studies have reported similar findings [29] as well as increased stroke incidence among younger people since the beginning of the 21st century [30, 31] . This may be related to increased prevalence of stroke risk factors among younger people [31] . Also, recent stroke prevention interventions may have primarily been targeted at the elderly population. Additionally, different proportional frequencies of main pathological stroke subtypes in young individuals compared to the elderly may also contribute (online suppl. Table 2 ), since rates of IS have decreased in recent years, while corresponding rates for hemorrhagic stroke have remained unchanged [32] . Altogether, our findings of unaltered stroke incidence among the young suggest that targeted public health interventions that also include younger people is a crucial component in the efforts to tackle the overall burden of stroke.
Early case-fatality rates in our study showed a nonsignificant decline between 2001-2002 and 2015-2016. Other recent studies from high-income countries have reported similar results, wherein 28-day case-fatality after stroke has either declined or remained stable [9] . A decline in early case-fatality rates after stroke could be related to improved acute therapies and management of stroke, as well as changes in the stroke panorama with less severe strokes as a result of better preventive measures and higher detection rate of minor strokes (due to enhanced diagnostic methods) [23] . However, we found no significant difference in stroke severity between 2001-2002 and 2015-2016 (Table 1) .
Strengths of the present study include populationbased and prospective design, hot and cold pursuit of stroke cases, inclusion of both hospitalized and nonhospitalized patients, and a well-defined study population with continuously updated population statistics. However, one limitation is that 9 private primary care centers in the study area were not included in the screening for possible stroke cases due to regulatory restrictions. Nonetheless, upon extrapolation of the current case ascertainment rate of 0.8% (95% CI 0.4-1.4) in primary care, only 4 (95% CI 3-8) additional firstever stroke patients are estimated to have been missed (online suppl. Table 1 ). It cannot be ruled out that stroke patients in the private sector of primary care may represent younger patients with milder strokes. However, in the prior study from 2001-2002 in our area, possible stroke cases within the primary care of one district (Orup, 56,565 inhabitants) were not screened due to the absence of computerized medical records at the time but were screened for the present study [10] . Also, our study is limited by a somewhat small population size, including relatively few young stroke patients. Finally, analyses of stroke risk factors have not been performed.
In conclusion, the first-ever stroke incidence has declined in southern Sweden since the beginning of this millennium, both in terms of overall incidence rates as well as absolute numbers of incident strokes, despite population growth and aging demographics. However, the stroke incidence rates have remained unaltered among younger individuals. Early case-fatality rates were also unchanged. Our findings warrant further research to delineate the underlying causes to enable optimized strokeprevention strategies, and also emphasize the need for a heightened focus on stroke in the young.
